Objectives: An economic evaluation was conducted in conjunction with a prospective, multicenter, randomized trial, to compare pemetrexed with erlotinib in pretreated patients with metastatic non-small cell lung cancer (NSCLC) in Greece. Methods: The effectiveness of treatments examined was comparable; thus, cost minimization analysis was conducted to evaluate which option is less costly. Patient-level resource utilization data were combined with unit cost data, which were aggregated to compute the total treatment cost for each patient. The analysis was conducted with respect to the individual incurring the cost. Due to the limited life-expectancy of the patients, discounting was unnecessary. Since data were right censored, the Bang and Tsiatis method was employed to identify unbiased estimators of the mean cost per treatment arm, while other methods were employed for sensitivity analysis. To analyze uncertainty and to construct uncertainty intervals (UI), stochastic analysis was performed based on 5000 bootstrap replications.
Introduction
Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related death in both men and women in Western countries and accounts for approximately 80%-85% of new cases of lung carcinoma each year. 1 Systemic chemotherapy remains the cornerstone of treatment for metastatic NSCLC, as it prolongs survival and palliates symptoms compared with best supportive care alone.
2 Doublet chemotherapy regimens are considered the standard of care because they are superior to single-agent treatments, while three-drug combinations do not appear to offer any benefit in terms of overall survival compared to two-drug regimens. 3 Platinum-based doublets are preferred over platinum-free regimens because they are associated with a minimal survival benefit.
Nevertheless, NSCLC patients will inevitably experience tumor progression; patients with a good performance status (PS) and may be eligible for second-line treatment. Docetaxel, pemetrexed, and erlotinib are considered standard second-line therapies for patients with a good performance status. [5] [6] [7] Docetaxel has received approval as a second-line treatment based on the results of a randomized phase III trial demonstrating prolonged overall survival (OS) compared to a placebo. 7 A more recent, non-inferiority phase III study compared docetaxel with pemetrexed as second-line therapy in NSCLC. 6 No significant difference was observed in OS or 1-year survival, but pemetrexed was associated with a more favorable toxicity profile. Erlotinib significantly prolonged progression-free survival (PFS) and OS compared to a placebo in a phase III trial. 5 Although erlotinib and pemetrexed are both considered standard second-line treatments, they have never been compared.
Recently, the Lung Cancer Working Group of the Hellenic Oncology Research Group (HORG) conducted a prospective, multicenter, randomized, phase III trial to compare pemetrexed and erlotinib in pretreated patients with metastatic NSCLC in Greece. 8 Given the high incidence of NSCLC and the significant morbidity and mortality associated with it, this disease imposes a heavy burden on the health system and society. Therapies are also expensive and have varying impacts. In this context, an economic evaluation was conducted in conjunction with a clinical trial to assess the economic impact of therapeutic alternatives. Here, we present the results of this economic analysis, which are critically important during the current financial crisis.
Methods

Patients and therapies
According to the clinical protocol of the study, patients were recruited if they were older than 18 years of age and had histologically or cytologically confirmed NSCLC stage IIIB (wet) or IV, an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0-2, had progressed during or after first-line chemotherapy (platinum based for those who were 65 years), or had a negative Comprehensive Geriatric Assessment (non-frail patients) for those who were 65 years; all patients had a life expectancy 3 months and adequate hematological, renal, and liver profiles. Patients were excluded if they had any severe pathological comorbidity or mental disorder that could prevent their compliance with the treatment protocol. "Frail" patients who were 65 years were also excluded. After July 2008, when a phase III trial by Scaglioti et al 9 demonstrated survival differences based on histologic type, only patients with adenocarcinomas were randomized. Nonetheless, all eligible patients were included in economic analysis. According to our pre-specified protocol, the primary endpoint of the trial was to compare time to tumor progression (TTP) between treatments, while secondary objectives included comparing OS, safety, and treatment cost of the two alternative cancer regimens. The study was conducted in accordance with the ethical principles of the Declaration of Helsinki and good clinical practice guidelines were observed. All patients were required to provide written informed consent and the study was approved by the ethics and scientific committees of each participating institution. Eligible patients were centrally registered and stratified according to age, PS, disease stage and progress in prior chemotherapy and were randomly assigned to either pemetrexed (Alimta; Eli Lilly, Indianapolis, IN, USA) 500 mg/m 2 on day 1 and every 3 weeks or erlotinib (Tarceva; Roche Ltd, Basel, Switzerland) 150 mg × 1 continuously. Patients in the pemetrexed group received corticosteroids, vitamin B12, and folic acid according to standard recommendations. Concurrent use of pemetrexed with non-steroidal anti-inflammatory drugs was not allowed. Granulocyte colony-stimulating factor (G-CSF) was not used prophylactically in any participant. The chemotherapy regimen was planned to be delivered for six cycles, except in cases in which persistent toxicity delayed chemotherapy and led to removing the patient from the study. Patients included in the analysis were reasonably well-balanced regarding all important clinical characteristics (Table 1) .
Analytical approach
The present economic evaluation was conducted in conjunction with a clinical trial involving 332 patients who were randomized into two different treatment groups. Treatment effectiveness was quantified for the economic study in terms of mean patient survival, which followed the standard approach for this type of study. [10] [11] [12] Survival was calculated as the time from randomization to death from any cause or loss to follow-up or to the end of the follow-up period. The perspective of economic evaluation was that of the sickness funds; thus, only direct health care costs reimbursed by payers were considered. Remaining costs, such as transportation costs or missed days of work, were ignored in the present analysis. Given the limited life-expectancy of patients, costs were estimated without discounting. Because effectiveness analysis showed no difference in survival, only the mean total therapy cost was reimbursed in each alternative case for cost-minimization analysis. 
Costing methodology
Patient-level resource utilization data were combined with unit cost data and these data were then aggregated to compute total treatment cost reimbursed by payers for each patient. Particularly, patient data concerning chemotherapy doses delivered were multiplied by drug prices to compute chemotherapy cost. The costing methodology was performed on a pragmatic basis, taking into account drug wastage because in cases of surplus, the drugs were not used for another patient. Body surface area was estimated to be 1.775 (±0.19) and 1.760 (±0.17) for erlotinib and pemetrexed, respectively.
The administration cost reflects several factors, such as hospitalization due to toxicity, use of erythropoiesisstimulating agents (ESAs) or G-CSF, and other medication delivered during chemotherapy administration or subsequently for treating adverse events. Hospitalization cost was computed as the product of the number of inpatient days and the cost per day for each patient. Visits to oncologists occurred for treatment administration and in case of adverse events. For patients undergoing radiotherapy, total cost was calculated based upon the duration of treatment and the cost per session.
Examination cost for each cycle accounted for diagnostic imaging, such as computed tomography (CT)-scans, X-rays, and laboratory tests, such as full blood cell count with differential and platelet count as well as full biochemistry tests (SGPT, SGOT, γ-GT, albumin, bilirubin, sodium, potassium, lactate dehydrogenase, alkaline phosphatase, uric acid, and serum creatinine). Drug prices were obtained from the price bulletin issued by the Greek Ministry of Health. 13 There was no variation in the prices of resources since these are common across all public hospitals in the country. Table 2 depicts unit price data used for economic analysis.
Analysis
In economic analyses, the mean cost is rarely normally distributed, but instead is skewed with a long right tail due to the small number of oncology patients that have costly adverse events, while for some patents the cost is very low since they die within 2 months. Hence, testing a hypothesis is problematic using conventional approaches (ie, confidence intervals based on the central limit theorem).
14 Furthermore, right-censored data often occur in randomized clinical trials and failure to address this censoring can lead to inconsistent estimates. 15 In this study, survival time and, more importantly, cost data were right-censored by 30.7% and 21.7% for pemetrexed and erlotinib, respectively, due to loss of follow-up or because some patients were still alive at the end of the study. To evaluate such cases, a wide range of parametric and non-parametric approaches are available. According to various recommendations, 10,14 the non-parametric Bang and Tsiatis 16 and the Lin et al 17 methods are appropriate approaches to address this censoring. In our case, the base case result was estimated using the non-parametric Bang and Tsiatis method, but the Lin et al 1997, Zhao and Tian 18 and the Carides et al "two stage regression" 19 approaches were employed for sensitivity analysis. In short, the Bang and Tsiatis method can be used to estimate the weighted cost for each uncensored patient based on the inverse probability of being censored at the time of death. The consistent Kaplan-Meier estimator is used to predict the probability of censoring for these patients, and total cost is derived from the weighted average of costs divided by the total sample size. Similarly, in the Lin et al method, cost estimation is derived from the average of non-censored cases weighted by the probability of surviving at the time of death. A weakness of the abovementioned estimators is that they ignore censored cases in cost calculation. In contrast, the Zhao and Tian method takes into account all cases with longer lifetimes (censored or uncensored) to adjust the cost of censored cases. This estimator generalizes the Bang and Tsiatis estimator by adding an efficiency term, thus achieving a decrease in variance, particularly in cases of heavy censoring. The "twostage-regression" estimator is a parametric approach in which the total cumulative cost is modeled as a function of failure time. Expected cost is estimated as a function of failure time, and estimated expected cost at a given point is weighted by the Kaplan-Meier probability of death at this point. 20 There are several variations of this method, but only a simple linear model was employed in the present analysis.
For uncertainty, the bootstrap method was used to derive standard error estimates for total cost in both treatment groups. The bootstrap method was preferred as a reasonable alternative to parametric inference, as it avoids parametric assumptions and extremely complicated formulas for calculating standard errors. 21 Thus, from the original dataset containing cost and failure time, 5000 new datasets for all variables were drawn using random sampling with replacement to estimate uncertainty intervals (UI) using the percentile method and thus to conduct hypothesis testing. All clinical data, which were collected prospectively through clinical report forms, were stored in a main electronic trial database. Statistical and economic analysis was conducted using SPSS (version 16.0) software and the Visual Basic language of Microsoft Office 2003.
Results
The one-year survival rate was 28.3% in the pemetrexed group and 31.7% in the erlotinib group, while corresponding median survival during the follow-up period was 7.1 and 6.7 months, respectively (P = 0.765). Median time to progression was 2.9 months (95% CI: 2.9-3.5) and 3.6 months (95% CI: 2.8-4.3) for the pemetrexed and erlotinib groups, respectively (P = 0.136). No differences were observed in tumor recurrence (90.4% vs 90.2%, P = 0.560). Mean overall survival was 10.39 months (95% CI: 8.44-12.32) and 10.94 months (95% CI: 9.33-12.00, (P = 0.75) for the pemetrexed and erlotinib groups, respectively. Similar overall response rates were also observed in the two groups (11.4% vs 9%, respectively; P = 0.469). According to univariate analysis, the only statistically significant prognostic factors for overall survival were PS (2 vs 0+1; hazard ratio, HR 2.517, 95% CI: 1.780-3.560; P , 0.001) and tumor stage (IV vs IIIB; HR 2.039, 95% CI: 1.243-3.345; P , 0.001). Therapy was not a predictive factor and treatments resulted in comparable survival rates and median survival for the follow-up period. Because there were no statistically significant differences in the primary clinical outcome measures in the two groups, we compared treatment costs.
Details of each component of total treatment cost are depicted in Figure 1 and Table 3 . Probabilistic sensitivity analysis revealed no statistically significant difference between the costs of the two comparators. Total cost was €10508 (95% UI: €9552-€11488) in the pemetrexed group and €9563 (95% UI: €8499-€10711) in the erlotinib group, a difference of €945 (95% UI: €-513-€2383; P = 0.206). The main factor driving total treatment cost in both arms was the cost of chemotherapy. Particularly, the mean cost of chemotherapy in patients receiving pemetrexed was €6956 (95% UI: €6292-€7646), while the cost for those receiving erlotinib was €7900 (95% UI: €6945-€8986), revealing a non-significant difference of €944 (95% UI: €-2197-€263; P = 0.120).
The cost of third-line drugs was estimated to be €1692 (95% UI: €1270-€2115) in the pemetrexed group and €1275 (95% UI: €904-€1662) in the erlotinib group, but the difference was not statistically significant (P = 0.160). Diagnostic and administration costs were statistically significantly lower for the erlotinib group than the pemetrexed group. Chemotherapy accounted for 66.2% of the total treatment cost in the pemetrexed group, followed by third-line costs, which accounted for 16.1%. In contrast, in the erlotinib group, drug cost represented 82.2% of the total treatment cost. Notably, the cost of therapy in some extreme cases was as high as €55,000, while it was lower than €2000 for the entire duration of the study for those who died within 2 months.
Sensitivity analysis
Similar results were observed when other non-parametric models were employed. In both the Zhao and Tian and the Lin et al 1997 models, correction biases for total cost and standard deviations of the various components were similar to those presented above. In the Zhao and Tian approach, mean total treatment cost in patients receiving pemetrexed was €9260 (95% UI: €8175-€10458), while for patients receiving erlotinib this value was €9702 (95% UI: €8795-€10697), a non-statistically significant difference of submit your manuscript | www.dovepress.com €442 (95% UI: €-1908-€1031; P = 0.56). 18 According to the Lin et al 1997 model, the total cost of pemetrexed was estimated to be €10586 (95% UI: €9573-€111608), while the cost of erlotinib was €10122 (95% UI: €8863-€11498).
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The true difference of total cost was estimated as €464 (95% UI: €-3114-€2996, P = 0.89). Table 4 shows the results of regression analysis based on the two-stage regression model, which includes the independent variable of time measured in terms of monthly units. The coefficient b 0 reflects the constant and b 1 represents the effect of time. Both estimators were statistically significant (P , 0.001 and P , 0.001, respectively). Taking into account the mean survival per therapy group, the total cost of pemetrexed was estimated to be €11425 (95% UI €8883-€13957), while this value was €10623 (95% UI €8205-€13051) in the erlotinib group.
Frequently, in economic analysis such as this one, there is no correction for censoring; instead, bootstrapping is used directly to draw data sets from the original matrix of censored and uncensored patients. Even in this case, analysis failed to demonstrate a statistically significant difference concerning total treatment cost (P . 0.05).
Discussion
The amount spent each year on treating advanced/metastatic NSCLC is significant. This is due to multiple factors, such as disease prevalence, the considerable share of patients undergoing chemotherapy, treatment length, high health technologies prices, and therapy-induced toxicities. 20, 22 Since there are no clinical trials directly comparing the efficacy of a cytotoxic agent (pemetrexed) with small molecular-targeted therapy (erlotinib), a clinical study and a corresponding economic evaluation were undertaken to assess clinical differences and the economic burden of comparators from a payer perspective in Greece.
Apart from efficacy and safety, comprehensive sets of resource utilization data were gathered from participating centers during the trial. In the context of the analysis, direct medical costs were estimated. Perspective, indirect costs such as productivity losses were not taken into account. Our analysis showed that the two alternatives have comparable survival times; thus, we analyzed their cost differences to determine the less costly treatment option.
In the presence of proper censoring, the Bang and Tsiatis method was used to estimate total therapy cost. For the sensitivity analysis, two other non-parametric approaches and one parametric approach were used to determine whether the results would remain constant. According to our results, all available estimators of cost were similar, failing to demonstrate differences in between the two treatments. Under conditions of light-censoring of data, the Bang and Tsiatis, Zhao and Tian, and Lin et al methods are identical and represent consistent estimators or actual cost. 23 A twostage regression model also gave similar results, providing a pattern of cost accumulation at any given point of survival time. Other parametric analyses [24] [25] [26] were not used because individual covariates (sex, age, PS, etc) are frequently incorporated in statistical modeling based on their clinical, rather than economic, importance. 20 A statistical limitation of all analyses undertaken was that the cost histories in specific time intervals were not available and thus the accumulation pattern of cost was unknown. Thus, all the methods used were calculated in a simplified form, where only the total cost at the time or death or censoring was considered. Furthermore, for the application of the Zhao and Tian method, a strong assumption was adopted that cost and survival were linearly correlated during the course of the trial.
Additionally, another limitation concerning the nature of the two treatments compared, was that pemetrexed is indicated for non-squamous NSCLC, whereas most guidelines recommend the use of erlotinib for epidermal growth factor receptor (EGFR)-positive patients. This raises a question regarding the comparability of these treatments. This heterogeneity among the intended patient populations may have influenced the results of the analysis. It must be highlighted that frail patients were excluded from participation in the study. Frequently, classic clinical trials under-enlist or reject frail patients. Frail older adults are weak, often have many complex medical problems, have a lower ability for independent living, may have impaired mental abilities, and have significant difficulty complying with specific protocols.
Additionally, quality-of-life analysis was not considered in the present study. Thus, due to a lack of specific data in Greece, the study ignored potential differences between the two treatments regarding the health-related quality of life (HRQoL). Oral EGFR inhibitors such as erlotinib may have a much different toxicity profile than cytotoxic chemotherapy, including pemetrexed, and these differences are likely to affect quality-of-life outcomes. For instance, the INTEREST trial showed better HRQoL outcomes in patients treated with gefitinib (a similar EGFR inhibitor) versus docetaxel, another second-line chemotherapy option for NSCLC. 27 In addition, cost-effectiveness analyses have compared erlotinib, pemetrexed, and docetaxel in the second-line setting, where a calculation of quality-adjusted life years (QALYs) was possible because the authors used health utilities for oral versus iv therapy for NSCLC. One such economic evaluation showed that erlotinib was superior to both docetaxel and pemetrexed. 28 Nonetheless, in the analysis, erlotinib, docetaxel, and pemetrexed yielded 0.42, 0.41, and 0.41 QALYs, respectively, indicating that these treatments are nearly equivalent from a clinical perspective. Additionally, the authors concluded that their results should be confirmed through controlled clinical trials.
The findings in the literature are relatively consistent depending on the model's assumptions.
In Greece, an economic evaluation was undertaken in combination with a randomized phase III study to evaluate treatment with docetaxel-gemcitabine (DG) relative to vinorelbine-cisplatin (VC) as a front-line treatment for patients with advanced/metastatic non-small cell lung cancer. 20 The analysis revealed that the treatments showed comparable survival rates, while VC was associated with a lower cost; however, it was also more toxic than the DG regimen, a significant parameter that should be considered when clinical decisions are made. True cost was estimated using similar advanced right-censored techniques to correct for bias in cost calculation.
A second economic evaluation was undertaken alongside a multicenter randomized phase III trial to compare the DG combination with docetaxel monotherapy in untreated patients with advanced/metastatic non-small cell lung cancer. 29 The authors concluded that DG is a cost-effective treatment option in relation to docetaxel monotherapy for patients with NSCLC in the Greek National Health System (NHS) setting.
A health economic model constructed for the United Kingdom (UK) was used to evaluate the cost of secondline treatment of NSCLC, comparing docetaxel and best supportive care. 30 The base case cost-effectiveness analysis reported a cost per life-year gained of 13,863 pounds sterling for docetaxel 75 mg/m 2 . Sensitivity analysis showed that the number of treatment cycles per patient, which affects total treatment cost, had the most influence on cost per life-year gained in the base case scenario. The model concluded that docetaxel was a cost-effective second-line treatment for pretreated NSCLC in terms of survival gains for a reasonable increase in costs. In another analysis in the UK, the use of erlotinib instead of docetaxel or pemetrexed was considered a cost-saving option from the NHS perspective.
31
A pharmaco-economic review based on data provided by several countries showed that erlotinib may be a costsaving treatment relative to chemotherapy with docetaxel or pemetrexed for NSCLC. 32 Estimated total direct costs with erlotinib were lower than those with docetaxel and pemetrexed because of the generally lower drug acquisition, administration, and adverse event management costs associated with erlotinib. Sensitivity analyses consistently showed that these results were robust under several assumptions and scenarios.
Another cost-effectiveness analysis was conducted to compare costs and effectiveness in patients who received second-line erlotinib with those in patients who received docetaxel in Canada. 33 The analysis showed that erlotinib and docetaxel were statistically equivalent regarding treatment cost and overall survival. In clinical practice, docetaxel appeared to be the more frequently prescribed option. The authors concluded that the choice of whether to use erlotinib or docetaxel should be based on factors relating to patient preference rather than costs or effectiveness.
In another analysis, a comparison of clinical and economic outcomes among patients receiving second-line monotherapy with erlotinib, docetaxel, and pemetrexed for NSCLC was conducted for a large network of outpatient community clinics in the USA. The authors concluded that there were no significant differences in OS and PFS between patients receiving erlotinib, docetaxel, and pemetrexed. 34 Nevertheless, erlotinib and docetaxel were associated with a statistically significant lower cost and resource use relative to pemetrexed. Similar results were obtained in the case of Portugal. In the present evaluation, clinical and also the economic consequences of two therapies, pemetrexed and erlotinib, were considered equivalent, and either treatment can be used. However, in actual clinical settings, the most important issue when selecting treatments is the "right patients for the right treatment." The use of reliable biomarkers will allow selection of patients who are likely to benefit from a particular treatment, while protecting patients from toxicity and healthcare systems from the significant costs of ineffective agents. In this study, pemetrexed was restricted to patients who had tumors with a non-squamous histology. 36 Similarly, although erlotinib was shown to have a benefit in the general population, 5 this benefit was primarily driven by the presence of an EGFR mutation. 37 Our results are only relevant to Greece particularly the basis of the resources and drug prices used. Total treatment cost is driven primarily by the cost of chemotherapy; thus, the results are sensitive to the cost of drugs. Hence, if any cost parameters change, the conclusions of this study may also change. Our economic analysis was based upon a specific treatment protocol and thus it cannot be extrapolated to other dosage schemes. Finally, in the absence of appropriate data, we confined our analysis to the sickness fund perspective and not to society overall. Future studies could be conducted for a broader analysis.
Conclusion
According to survival analysis, there is no evidence for survival differences between the treatment with pemetrexed and erlotinib. Additionally, this economic evaluation provides further decision criteria based on cost considerations. Pemetrexed and erlotinib regimens represent two equivalent approaches for managing patients with pretreated non-small cell lung cancer. Thus, other clinical parameters may guide the final preference in clinical practice.
